Background and Objective: To estimate the effects of reducing the prevalence of smoking in lower educated groups on educational differences in life expectancy.
Introduction
A lower level of education is associated with increased overall and coronary heart disease mortality in many countries [1, 2] . Among the factors that contribute to the higher mortality rates are increased prevalences of behavioral risk factors, such as smoking, in groups with a lower socioeconomic status (SES) [2] . In general, smoking prevalences are one to two times as high in lower educated people, especially in younger age categories [3] . Large cohort studies showed that about 20 to 60% of the excess mortality risk in lower educated persons is explained statistically by smoking or other health-related behaviors [4] .
Reducing inequalities in health is a priority of health policy in several countries. It is expected that inequality in health can be reduced when health promotion, for example to reduce smoking, is effectively targeted at lower educated groups. A Dutch governmental committee formulated a quantitative policy target on reducing socioeconomic differences in smoking, namely that the difference should be halved over a 20-year period [5] . In general, limited data are available about the effects of health promotional activities in lower educated groups. Scientific intervention studies, designed to investigate this, would require a large population or a long period of follow-up and are therefore expensive. An alternative approach is to use models for estimating the effects of different scenarios [6] .
In this context it is worthwile to estimate the effects on the socioeconomic gradient in mortality when variation in smoking habits is reduced. Therefore, we used a dynamic Markov-type multistate transition model, called the Chronic Disease Model (CDM). The CDM has been used before in Dutch policy documents for the Ministry of Health [7] . The present article describes the effects of two scenarios. A ''maximum scenario'' where differences in smoking habits between educational groups disappear immediately, and a ''policy target-scenario'' where differences in smoking habits are halved over a 20-year period [5] . The effects of these two scenarios are compared to a ''reference scenario,'' where smoking prevalences do not change. The main objective is to estimate the effects on differences in life expectancy and mortality rates between highest and lowest educated groups.
Methods

Description of the model
The effects of the two smoking interventions were estimated by using a dynamic Markov-type multistate transition model, called the CDM, which is described elsewhere, including an appendix with mathematical details [8, 9] . In line with the main objective of this manuscript, the further description of the CDM is focused on smoking and mortality. In short, the dynamic CDM describes the development over time of demography, smoking prevalence, and mortality in the Dutch population, and is developed to estimate the effects of (theoretic) scenarios. For each person several classes or ''multiple states'' are defined, such as age, educational level, and smoking habit (three classes: current, former, never smoker). The model contains probabilities of changing from one class to another, the so-called transition rates. The transition rate to the class ''death,'' which simulates that a person dies, is dependent on age, educational level, and smoking habit. For example, at a given age and educational level, a ''current smoker'' has a higher probability of dying than a ''never smoker.''
The CDM is a Markov-type model, which means that for each class the future state is dependent of the previous state, but not on states in the further past. A second assumption is that relative mortality risks for smoking and educational level are multiplicative, and hence, no interaction occurs on a log scale. Finally, model parameters are time constant, which means that no external time trend is assumed.
The main CDM parameters are initial prevalence and transition rates for smoking habits, overall mortality rates, relative mortality risks by educational groups, adjusted for smoking, and relative mortality risks for current and former smokers. All parameters were specified according to age and educational level, except for relative mortality risks for current and former smokers. These were assumed to be equal in all educational groups, and were based on extensive literature research. For ''current smoking'' relative mortality risks ranged from 1.4 to 2.5 in men, and for women from 1.6 to 2.3, depending on age. For former smoking relative mortality risks ranged from 1.2 to 1.3 in men and from 1.1 to 1.5 in women. These risks are documented in an RIVM report for internal use. In total, 27 cohorts are involved including, for example, the CPS I and II cohorts, the British Doctors study, NHANES, and various Dutch cohorts.
Model parameters specified by educational level
SES was operationally defined as the highest educational level achieved, which correlates well with other SES indicators in The Netherlands [10] . Four educational categories were defined: lowest (primary school), low (lower vocational and lower general secondary school), intermediate (intermediate vocational and intermediate/higher general secondary school), and high (higher vocational school and university). Demographic data and the overall distribution of educational level were obtained from Statistics Netherlands (period 1996 to 2000). The percentage with the lowest educational level varied from 8% in 20-29-year-old age groups to 35% for men and 57% for women in 70-79-yearold age groups. The percentages with the highest educational level varied from 20% in the 20-29-year-old age groups to 14% for men and 6% for women in the 70-79year-old age groups.
Baseline prevalences of current, former and never smokers, stratified by educational level, were provided by the Dutch Foundation on Smoking and Health (Stivoro), Statistics Netherlands, and the Second Dutch National Survey of General Practice (DNSGP2) [11] (period 1996 to 2001). The average smoking prevalence of these three sources was calculated, weighted by number of participants, and stratified within age categories of 10 years. The data involved more than 120,000 participants aged 20 to 80 years. Transition rates for changing smoking habits were derived from the prevalence data. The probability of starting smoking appeared to be 1.6 times higher, and the probability of stopping smoking about 2.0 times smaller in the lowest educated group compared to the highest educated group, in all age categories. Furthermore, based on previous research we assumed that nobody starts smoking for the first time after the age of 35 [12] . The probability of starting smoking again, after quiting for some time, was assumed to be independent of educational level.
Relative mortality risks by educational level were provided by the GLOBE study [13] , the Monitoring Project on Cardiovascular Risk Factors (''Peilstationsproject'') [14] , the Longitudinal Aging Study Amsterdam (LASA study) [15] , Rotterdam study (ERGO) [16] , and a subcohort of the Netherlands Cohort Study on Diet and Cancer (NLCS) [17] . Table 1 presents basic characteristics of these cohort studies. In total, 31,565 men and 36,262 women aged 20 to 90 years were followed for on average 9 years.
Definition of scenarios
The effects of two intervention scenarios were estimated. First, a theoretic scenario where differences in smoking habits between educational groups disappear immediately and completely (''maximum scenario''). In this scenario, the lowest educated group is assumed to acquire the prevalences and transition rates that the highest educated group displays at baseline. It shows the maximum extent to which differences in life expectancy can be reduced by eliminating socioeconomic differences in smoking.
In the second intervention scenario we simulated that differences in smoking habits halved during a 20-year period (''policy target scenario''). A Dutch government advisory committee formulated this target as following: ''the difference in smoking between those with lower and those with higher education should be halved, by decreasing the percentage of smokers among those with only primary school education from over 38% in 1998 to < 32% by 2020'' [5] . This scenario was operationally defined by changing the transition rates in the CDM, to simulate that more ''present smokers'' became ''former smokers'' among lowest educated persons. The effects of the two scenarios are compared to a ''reference scenario'' where smoking habits remain the same in all educational groups.
Sensitivity analyses
The main outcome measures include the difference in mortality rates between lowest and highest educated groups. To gain insight in the sensitivity of the CDM we assessed the relative change of this outcome measure resulting from relative changes in specific model input variables. The analyses were performed with a 10% larger inequality between educational groups in initial smoking prevalences, in probabilities of stopping smoking, and in relative all-cause mortality risks, and subsequently, the effects on differences in mortality rates were evaluated.
Statistics and calculation of life expectancy
In each of the five cohort studies, relative mortality risks by educational level were assessed by Cox regression analysis. Adjustments for smoking were made by including dummy variables for present smoking and former smoking. The analyses only included participants with complete data on survival status, smoking habit, and educational level. The relative risks (RRs) of the separate cohort studies were pooled using a random effects model, as described elsewhere [18] . The pooled relative risks were used for the modeling.
The (differences in) life expectancy were calculated by running the CDM for such a long period that the baseline population, as present in the different states of the CDM, had ''died,'' while aggregating all years lived in the the different scenarios. In general, differences in life expectancy between educational groups were caused by different smoking habits at baseline (see Table 2 ) and by different mortality risks by educational level, independent of smoking (see Abbrevations: PEIL, monitoring project on cardiovascular risk factors (''Peilstationsproject'') [14] , GLOBE study [13] ; LASA, Longitudinal Aging Study Amsterdam [15] ; Rotterdam study [16] ; NLCS, subcohort of the Netherlands Cohort Study on Diet and Cancer [17] . a The number of participants of which data are available about smoking habits and educational level. Table 3 ). The first has an effect on mortality because the CDM contains relative mortality risks for smoking classes (see ''description of the model''). Table 2 shows the prevalences of current smokers among educational groups. The proportion of current smokers in the lowest educated group divided by the proportion in the highest educated group (5rate ratio) ranges from 1.5 to 1.8 in men, and from 1.5 to 2.2 in women. For never smokers, the rate ratio ranges from 0.5 to 0.8 in men and from 0.6 to 1.0 in women until the age of 70. In women older than 70 years the proportion of never smokers is higher, rather than lower, in the lowest educated group (73.1%), than in the highest educated group (65.6%) (data not shown).
Results
Smoking habits by educational level
Relative mortality risks
The unadjusted relative mortality risk in the lowest educated group compared to the highest educated group is 1.57 (95% CI 5 1.36, 1.82) in men and 1.27 (95% CI 5 1.01, 1.59) in women ( Table 3 ). The mortality risk of lowest educated people tends to be increased in all age categories, but the least pronounced among 70-79-year-old women (unadjusted RR 5 1.05).
Statistical adjustment for smoking reduces the excess mortality by 30% in 40-50-year-old age groups, by 30-40% in 50-60-year-old age groups, and by 20-30% in men older than 60 years. In older women, statistical adjustment for smoking had no effect. Overall, smoking adjusted relative mortality risks are 1.41 (95% CI 5 1.23, 1.62) for men and 1.20 (95% CI 5 0.96, 1.51) for women (Table 3 ). Table 4 shows mortality rates (number of deaths per 100 persons) after 10 years, in the year 2015, among lowest and highest educated persons in the reference scenario, and for the lowest educated persons also in the ''maximum'' and ''policy target'' scenarios. The effect on mortality is largest in lowest educated men aged 40 to 50 years. After 10 years, in the year 2015, the mortality rate in this subpopulation is estimated to be 0.70/100 in the reference scenario, 0.57/100 in the maximum scenario, and 0.67/100 in the ''policy target'' scenario ( Table 4 ). In the year 2015, in different age groups approximately 0-19% of male deaths and 0-16% of female deaths among the lowest educated would be prevented in the ''maximum scenario,'' when compared to the reference scenario. With the ''policy target scenario,'' the number of prevented deaths would be approximately 0-6% for both men and women (Table 4 ). 
Modeling of scenarios
Effects on mortality rates among lowest educated persons
Effects on differences in mortality rates and life expectancy
Differences in mortality rates between highest and lowest educational groups would be reduced by no more than 50% in 30-60-year-old persons, by approximately onethird in the 60-69-year-old, and by approximately one-fifth in 70-80-year-old age groups in the ''maximum scenario'' (Table 4 ''reduction difference''). Figure 1 shows the effects on life expectancy. In the ''reference scenario'' the difference in life expectancy, at age 40, between lowest and highest educated groups is 5.1 years for men and 2.7 years for women. With the ''maximum scenario'' gains in life expectancy would be 1.5 and 1.0 years in lowest educated men and women, respectively. Hence, the difference in life expectancy between the lowest and highest educational level would be reduced to 3.6 years for men and 1.7 years for women (reduction of 30%). With the ''policy target-scenario'' the difference in life expectancy between the lowest and highest educational level would be reduced to 4.7 years for men and 2.4 years for women (reduction of 10%).
Sensitivity analyses
The analyses were performed also with a 10% larger difference between the highest and lowest educated group in initial smoking prevalence, in probability of stopping smoking, and in relative mortality risks. The CDM appeared to be most sensitive for differences in initial smoking prevalences. When the rate ratio would be 10% larger, the absolute number of deaths that would be prevented in the lowest educated group is 7% larger in men and 16% larger in women, according to the ''maximum scenario.''
Discussion
The life expectancy at age 40 was estimated to be 5.1 and 2.7 years shorter among lowest educated men and women, respectively, compared to highest educated persons. This is comparable to Finland, where differences in a Mortality rates are presented for the lowest educated only, because these rates for the highest educated are equal to the reference scenario. b The percentage of deaths among the lowest educated that would be prevented after 10 years, in the year 2015, compared to the reference scenario. c The effect on the difference in mortality rates between highest and lowest educated groups. life expectancy at age 25 were estimated to be 6.3 years for men and 3.2 years for women [19] . We showed that, theoretically, differences in life expectancy can be reduced by one-third, when smoking habits would become equal immediately. However, this scenario cannot be achieved in reality. The ''policy target'' scenario showed that differences in mortality rates between educational groups would be reduced by approximately 10%. During the modeling of the scenarios several assumptions were made, which simplified the situation. Therefore, the present results, just like other modeling study results, should be interpreted with caution as an indication of the effects. We assumed that the relative mortality risk for smoking is equal among educational groups. Previous research suggested an interaction effect because lower educated heavy smokers had higher lung cancer mortality risks than higher educated smokers [20] . However, similar Danish research underpinned our assumption [21] . The assumption seems therefore defensible, in particular because sensitivity analyses showed that the effects of the relative risks on mortality were small. Another assumption was that persons who quit smoking immediately received the relative mortality risk of a former smoker. This means that the CDM contains no ''lag time,'' and the effects of the scenarios are somewhat overestimated.
In general, accuracy of modeling outcomes depends on the estimation of the main model parameters. Inevitably, the model parameters are influenced by measurement errors and residual confounding, as is the case in all modeling studies. The present study is based on large data sources, but nevertheless, confidence intervals of, for example, the relative mortality risks by educational level were wide (see Table 3 ). Furthermore, the cohort studies started around 1986 to 1993, and in this period the mortality risk was not increased in 70-79-year-old lowest educated women. This may be an underestimation of the ''real'' situation in elderly women in the year 2000, and hence, also an underestimation of the effects of the scenarios. In this respect we emphasize that baseline smoking habits were based on recent data (1996) (1997) (1998) (1999) (2000) (2001) . We modeled ''into the future'' and the future socioeconomic differences in mortality are derived from differences in smoking habits (concerning smoking related mortality) and from increased mortality in lower educated groups due to other mechanisms. The latter risk is derived from the cohorts (e.g., the smoking adjusted relative risks in Table 3 ). The underlying causes of this excess risk can be due to lower income/ access to care, inheritance or psychosocial factors. We acknowledge that it is not plausible that the RR in the 70-79-year-old from the cohorts, who were born between 1910 and 1930, will be the same for this age categorie in the future. However, the smoking adjusted RRs were quite similar across age categories (despite probable differences in underlying mechanisms). Furthermore, the assumption behind taking this risk is least plausible for the elderly, and fortunately, this is also the age group that weights less in estimating gains in life expectancy. Data from Finland, England, and France indicate that relative inequality in mortality widened between the beginning of the eighties and the beginning of the nineties [22] [23] [24] , and may widen further in the future [3] . An advantage of our methodology is that these changes in relative socioeconomic inequalities in mortality in the last decade are incorporated at least partially (e.g., the smoking related risk).
We found a pooled relative risk for total mortality of 1.41 for lowest educated men and 1.20 for women, when adjusted for smoking. These relative risks are comparable to those as found in seven other countries. RR for men ranged from 1.25 (Norway) to 1.78 (Hungary), and for women from 1.09 (Czech Republic) to 1.31 (USA and Estonia) [25] . Also, the effects of adjustment for smoking are comparable to other studies. The British Regional Heart study found that adjustment for smoking reduced the excess mortality risk by almost 40% in 40-60-year-old men [26] . The Kuopio Ischemic Heart Disease Risk Factor Study found a reduction of 35%, when adjusted for smoking, alcohol consumption, and physical activity [27] . Furthermore, similar effects were found when mortality risks of smoking related diseases are adjusted for smoking, such as ischemic heart disease [12] or lung cancer [28] . So, the extent to which differences in mortality risks are explained by smoking habits seems to be quite robust, and this supports generalisation of our findings to other populations.
In view of the large differences in smoking habits between educational groups, the effects on life expectancy may be considered relatively small. However, especially in younger ages, the excess mortality risks in lower educated people are not due primarily to smoking related diseases. Blane et al. calculated that the ''years of potential life lost'' in lower educated people due to violence and external causes are comparable with those due to ischaemic heart disease. Hence, they argued that individual health behavior is of comparatively small importance to the socioeconomic differences in health [29] . On the other hand, in middle-aged persons smoking-related diseases are important causes of death. Therefore, the short-term effects of smoking cessation of lower educated persons are largest among middle-aged people, as was supported by our results (Table 4 ).
Reducing inequalities in health is a priority of health policy. A Dutch governmental committee formulated an overall target to reduce the differences in health by 25%, for example, by promoting smoking cessation among the lower educated. It should be stressed that encouraging lower educated people to stop smoking requires a specific approach. As a result of general health publicity, socioeconomic differences sometimes even widened [30, 31] . Raising taxes, restriction of smoking at work, and nicotin replacement therapy may be more succesfull [32] , but generally intervention results stratified for socioeconomic status are limited [33] . It has been argued that a wide spectrum of interventions is needed, besides health promotion, which work on disadvantages associated with a lower SES, such as poor housing [34] . This is congruent with our conclusion that antismoking policy can contribute to decreasing the socioeconomic differences in mortality (by approximately 10%), but that the overall target of lowering these differences by 25% cannot be achieved by antismoking policy only.
